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I. 
INTRODUCTION. 
The restraining effect of serum  on homologous fibroblasts can be 
attributed to the antagonistic action of growth-activating and growth- 
inhibiting substances, the effect of the inhibiting substances always 
being  more  pronounced  than  that  of  the  activating  substances.  1'~ 
The  activating  substances  are  thermolabile  a  and  accompany  the 
precipitate  obtained  by  bubbling  carbon  dioxide  through  diluted 
serum?  They  are  probably  of  the  same  nature  as  the  growth- 
activating substances contained in embryonic tissue juice  4 and leuco- 
cytic extracts or secretions,  s and may be considered as the product of 
gland  and  leucocytic  activities,  e  The  inhibiting  substances  resist 
heat at 65°C., 3 and remain in the serum with the albumin fraction.  2 
It may be supposed, therefore, that the enhanced restraining action 
of serum in  old  age is  caused by a  decrease  of the  activating sub- 
stances, or  by an increase of the inhibiting substances, or by both. 
In order to test this hypothesis, the effect of heating the sera of young 
and old animals at 65°C.,  and of precipitating it by carbon dioxide, 
was studied.  If the serum of an old animal contains a lesser amount 
1 Carrel, A., and Ebeling,  A. H., J. Exp. Med., 1921, xxxiv, 599; 1922, xxxvi,  399. 
Carrel, A., and Ebeling, A. H., J. Exp. Med., 1923, xxxvii,  653. 
8 Carrel, A., and Ebeling, A. H., J. Exp. Med., 1922, xxxv, 647. 
4 Carrel, A., J. Exp. Med., 1913, xvii, 14. 
5 Carrel, A., and Ebeling, A. H., J. Exp. Med., 1922, xxxvi, 365.  Carrel,  A., 
J. Exp. Meal., 1922, xxxvi,  385. 
6 Carrel, A., and Ebeling, A. H., J. Exp. Med., 1922, xxxvi, 645. 
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of thermolabile, activating substances  than  that  of a  young animal, 
the inhibiting action of the heated serum of a  young animal should 
be  relatively more  enhanced  than  that  of  an  old  animal.  At  the 
same  time,  the  substances  precipitated  from  the  serum  of  an  old 
animal by carbon dioxide should not stimulate the multiplication of 
fibroblasts so much as  the substances obtained from the serum  of a 
young animal. 
II. 
Action  on  Homologous  Fibroblasts  of  the  Heated  Sera  of  Young  and 
Old  Chickens. 
The  serum obtained from  the plasma  of chickens  10 months  and  6 
years  old  was  heated  for  1  hour  at  65°C.  Its  inhibiting action  was 
TABLE  I. 
Rate of Growth o[ Homologous Fibroblast,  s in Serum,  Heated at 65°C. for 1 Hour, 
from a 10 Month Old Chicken. 
Group  Culture 
No. *  No. 
I 
--  3185----~ 
l  31853 
Rate °el  grurm°,  wthin  Ra~o:  Original. 
Unheated  Heated  C'  T.  [  Refractiv~ 
(C).  (E).  prt  index. 
060 
3.55t2.23  0.63  8.0  1.3354 
Average  ......................... 
Serum. 
0.62  I  [ 
Heated. 
ii~  Refractive  index. 
1.3353 
1.3353 
*  Each group was composed of four experiments. 
TABLE  II. 
Rate of Growth of Homologous Fibroblasts in Serum,  Heated at 65°C. for 1 Hour, 
from a 6 Year Old Chicken. 
Group  Culture 
No. *  No. 
31854 
31855 
Rate of growth in 
serum. 
Unheated  Heated 
(c).  (g). 
1.95  1.67 
1.95  1.60 
Average  ......................... 
R•tio: 
0.86 
0.82 
0.84 
Serum. 
Original. 
Refractive 
pH  index. 
8".0  1.3370 
8.0  1.3370 
Heated. 
pH  Refractive 
~dex. 
8.0  1.3370 
8.0  1.3370 
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ascertained by comparing the rate of growth of fibroblasts obtained 
from an 11 year old strain in media containing 50 per cent unheated or 
heated sera. 
In  two  groups  of  four  experiments,  the  effects of  unheated and 
heated sera of young and old animals were compared.  After being 
subjected to heat, the sera of the young chickens became 38 per cent 
more  inhibiting,  while  that  of  the  old  chickens  became  only  16 
per cent more inhibiting (Tables I  and II). 
There was no doubt that the action of heat increases the inhibiting 
action of the serum of a young animal comparatively more than that 
of an old animal.  Therefore, it may be assumed that in old age the 
TABLE  III. 
Rate of Gro~h of Homologous Fibroblasts in Sera from a 10 Mongh and a 6 Year Old 
Chicken. 
Group  Culture 
No.*  No. 
31756 
31808 
Rate of growth in 
Serum, 
Young  Old 
/c)_____k_" __  (E). 
3.74  1.9c 
3.29  ]  2.2  ~. 
Average  ......................... 
R~o: 
-C 
pH 
0.52  8.2 
0.70  8.2 
0.61 
Serum. 
Young.  Old. 
Refractive  [  pH  index.  --__ 
1.3370  8.2 
1.3370  8.2 [ 
Refractive 
mdex. 
1.3390 
1.3390 
* Each group was composed of four experiments. 
serum  contains  relatively less  thermolabile  growth-activating  sub- 
stances than in youth. 
Then it was sought to ascertain whether the heated serum of an old 
animal is still more inhibiting than that of a young animal, or whether 
the  inhibiting power  has  become  similar.  In  two  groups  of  four 
experiments,  the  action  of the  serum  of a  young animal was  com- 
pared to that of an old animal.  The rate of growth of fibroblasts was 
39 per cent slower in the serum of the old animal than in that of the 
young one (Table III).  The same experiment was repeated after the 
sera had been heated, and the inhibiting action of the serum of the 
old animal was still 24 per cent greater than that of the young animal 
(Table  IV).  Then,  the increased inhibiting action of serum in  old 
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labile, activating  substances,  but  also  to  a  more  marked  effect  of  the 
inhibiting principles. 
TABLE  IV. 
Rate of Growth of Homologous Fibroblasts in Sera, Heated at 65°C. for 1 Hour, from 
a 10 Month and a 6 Year Old Chicken. 
Serttnl. 
Rate of growth in 
heated serum.  Ratio: 
Group  Culture  E  Young.  Old. 
No.*  No.  --- 
Young.  [  01d.  C  TT  Refractive  pH  index.  Refractive 
__  __  (6).  (/~).  rn  index.  ____ 
31838  2.18  [  1.73  0.79  7.8  [ 1.3353  8.0  1.3370 
31843  2.1711.59  0.73  I  7.8/1.3353  8.0  1.3370 
Average  .........................  0.76 
* Each group was composed of four experiments. 
TABLE  V. 
Action of C02 Precipitate, from Sera of Young Chickens,  on the Rate of Growth o] 
Homologous Fibroblasts. 
Group  Culture 
No.*  No. 
1  31689 
2  31702 
31783 
31800 
5  32142 
6  32154 
7  32103 
8  32114 
Average. 
i  Rate ofgrowth in. 
Ratio: 
A~e of  Precipi-  E 
ammal.  Tyrode  tate  ~" 
solution  solution 
i  (c).  (e). 
10  9.34  9.75 
10  4.84  5.83 
10  4.37  5.15 
10  4.62  5.34 
3  4.92  6.12 
3  4.63  5.54 
yr. 
1  5.01  5.82 
1  6.58  7.74  1.17 
1.19 
Tyrode solution. 
Refractive 
pH  index. 
7.8  1.3285 
1.19  7.8  1.3285 
7.8  1.3285 
1.17  7.8  1.3285 
7.8  1.3279 
1.22  7.8  1.3279 
7.8  1.3280 
7.8  1.3280 
Precipitate solution, 
Refractiv 
pH  !  index. 
7.8  1.3310 
7.8  1.3310 
7.8  1.3300 
7.8  1.3300 
7.8  1.3291 
7.8  1.3291 
7.8  1.3289 
7.8  1.3289 
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IlI. 
Action  on  Homologous  Fibroblasts  of the  Carbon  Dioxide  Precipitate 
Obtained from Sera of Young and Old Animals. 
The sera from 3 month,  10 month, 3 year, and  6  year old chickens 
were precipitated  by  carbon  dioxide  according  to a  technique  pre- 
viously described3  The precipitates were  dissolved in Tyrode solu- 
tion  and  the  effect of the  respective solutions on homologous  fibro- 
blasts was compared  to  that  of Tyrode solution. 
TABLE  VI. 
Aclion of COs Precipitate; from Sera of Old Chickens, on the Rate of Growth of 
Homologous Fibroblasts. 
Group 
No.* 
Culture  Age of 
No.  animal.  Tyrode 
solution 
(c). 
.1¢t8. 
31784  3  4.60 
31801  3  4.61 
I 
32123  ~  3  5.51 
31690  6  11.05 
31703  6  5.33 
32102  6  4.86 
32113  6  5.87 
Average. 
Rate of growth in. 
Precipi- 
tate 
solution 
(•). 
4.38 
4.53 
6.06 
11.23 
5.14 
5.13 
5.99 
Ratio: 
E 
C 
0.97 
1.10 
1.01 
1.03 
Tyrode solution. 
pH 
7.8 
7.8 
7.8 
7.8 
7.8 
7.8 
7.8 
Precipitate solution. 
Refractive  Refractive 
index,  index. 
1.3285  1.3300 
1.3285  1.3300 
1.3280  1.3285 
1.3285  1.3310 
1.3285  1.3310 
1.3280  1.3290 
1.3280  1.3290 
* Each group averaged from two to four experiments. 
The growth of fibroblasts in 48 hours was 16 per cent larger in the 
precipitate solution of the serum of the young animals than in Tyrode 
solution (Table V), while the activity of the precipitate solution from 
the serum of the older animals was about identical with that  of the 
Tyrode  solution  (Table  VI).  This  was  a  direct  proof  of  the  dis- 
appearance-of  the  growth-activating  substance  of serum  during  the 
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TABLE  VII. 
Action of Serum, after Removal of C02 Precipitate,  from Young Chickens, on the Rate 
of Growth of Homologous Fibroblasts. 
Group 
No.* 
Culture 
No. 
32142 
32153 
31719 
31732 
31782 
31798 
32101 
32112 
g~ge  of 
nimak 
mos. 
3 
3 
10 
10 
10 
10 
yr. 
1 
1 
Rate of growth in 
serum. 
Ori~nal  Treated 
(c).  (g). 
3.68  2.91 
3.83  3.08 
4.96  4.55 
3.59  3.11 
3.35  2.64 
3,03  2.43 
2.22  1.85 
3.28  2.84 
Average ............................. 
Serunl. 
R~io:_.  Original.  Treated. 
Refractive  Refractlve 
i  pH  index,  pH  index. 
0.80  8.£  8.C 
8.2 
0.90  8.2 
7.2 
0.81  7.2 
7.8 
0.87  7.8 
o  s3  I 
1.3338  8.0  1.3322 
1.3338  ~.0  1.3322 
1.3370  g. 2  1.3343 
1.3370  ~.2  1.3343 
1.3410  7.2  1.3386 
1.3410  7.2  1.3386 
1.3360  7.8  1.3348 
1.3360  T  .8  1.3348 
* Each group averaged from three to four experiments. 
TABLE  VIII. 
Action of Serum, after Removal of C02 Precipitate, from Old Chickens, on the Rate of 
Growth of Homologous Fibroblasts. 
Group 
No.* 
Culture  A~e of 
No.  ammal. 
_l__ 
32122  yrs.3 
32100  [,  6 
32111  I  6 
Rate of growth in 
$~rum. 
] O~.nal  Treated 
(E). 
2.23  2,09 
1.84  1,71 
2.23  2.09 
Average ............................ 
Ratio: 
E 
c 
0.94 
0.93 
0.94 
Serum° 
Original.  Treated. 
Refractive 
pH  index. 
7.8  1.3408 
7.8  1.3361 
7.8  1.3361  i 
] Refractive 
pH  index. 
7.8  1.3372 
7.8  1.3350 
7.8  1.3350 
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IV. 
Action  on  Homologous  Fibroblasts  of  the  Serum  of  Young  and  Old 
Animals after the Removal of the Carbon Dioxide  Precipitate. 
In twenty-eight experiments,  divided into eight groups,  the  effects 
of the residual sera of the young animals were compared to  those of 
the  respective  normal  sera.  It  was  found  that  the  residual  serum 
had  become  17  per  cent  more  inhibiting  than  the  normal  serum 
(Table VII).  In three groups of twelve experiments, the action of the 
residual sera of the old animals was compared to that of the respective 
normal sera.  There was practically no difference in the action of the 
normal  and  residual  sera  within  the  limits  of  experimental  error 
(Table VIII). 
V. 
CONCLUSIONS. 
It may be concluded that, under the conditions of the experiments: 
1.  The  inhibiting  action *on  homologous fibroblasts  Of the  heated 
serum of a young animal increases relatively more than that of an old 
animal.  After it has been heated, the inhibiting action of the serum 
of the old animal is still greater than that of the young animal. 
2.  The CO2 precipitate obtained from the serum of a  young animal 
definitely  increases  the  proliferative  activity  of  homologous  fibro- 
blasts,  while  the  CO2 precipitate  of  the  serum  of an  old animal  has 
practically  no activating power.  After the removal of the COs preci- 
pitate,  the  inhibiting  action  of the  serum  of  young  animals  is  in- 
creased,  while that of old animals is not modified. 
3.  The increased  inhibiting  action  of serum  on  homologous fibro- 
blasts in  old age is partly  due  to  the  disappearance  of the  growth- 
activating  substances  and  to  the  enhanced  activity  of  the  growth- 
inhibiting  principle. 